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INTRODUCTION 
Cold-formed lipped channel sections are commonly used as load bearing wall studs in light gauge 
steel frames (LSF) lined with plasterboards. Under fire conditions, these thin-walled steel sections 
(high section factor) heat up quickly resulting in a rapid reduction to their strength and stiffness 
despite the protection offered by fire rated plasterboards. Fire resistance rating of LSF wall systems 
depends on many parameters such as LSF wall configurations (details of plasterboard linings, 
insulations and their layouts), geometry of LSF wall studs and load ratio. It is important that fire 
engineers have a good understanding of the fire behaviour and fire resistance rating (FRR) of LSF 
wall systems and access to simpler design methods capable of predicting their FRR.  
The fire behaviour of LSF wall panels has been investigated by many researchers in the past [1-9]. 
However, there is limited data available on the thermal and structural performance of load bearing 
LSF wall systems. Further, past research on LSF wall systems has mostly been limited to LSF wall 
systems used in the UK, USA and Canada. The LSF wall systems used in Australia are made of 
thinner and high strength steels and protected by Australian plasterboards, and their fire behaviour 
has not been investigated in detail. Therefore a detailed research program based on full scale fire 
tests and finite element analyses was undertaken to investigate the fire performance of Australian 
LSF wall systems. Details of 10 full scale fire tests and their results including the temperature and 
deflection profiles measured during the tests are presented in [10] along with the failure times and 
modes. Performing full scale fire tests of LSF walls is very difficult, expensive and time 
consuming. Hence detailed numerical studies were undertaken based on suitable finite element 
models of LSF walls that were validated using the available full scale fire test results [11]. Such 
validated finite element models were used to simulate the behaviour of LSF walls under fire 
conditions and to study the effects of various parameters such as steel grade, steel thickness, screw 
spacing, plasterboard restraint, various insulation materials and load ratios. The idealised time-
temperature profiles proposed in [12] were used in this detailed finite element analysis based 
parametric study. This paper presents the details of numerical parametric studies and the results. 
1 EXPERIMENTAL STUDY 
This section provides brief details of the series of full scale fire tests of LSF walls conducted first to 
evaluate the fire resistance rating (FRR) of load bearing LSF wall assemblies. One wall specimen 
was tested to failure under an axial compression load at room temperature while ten wall specimens 
subjected to a constant axial compression load were exposed to standard fire conditions on one side 
to evaluate their fire performance. Conventional Australian LSF wall panels lined with single or 
double layers of plasterboard with or without cavity insulation were considered. The insulations 
used were glass, rockwool and cellulose fibres. A new LSF wall system based on a composite panel 
was also included, giving a total of eight plasterboard-insulation configurations [10]. The studs and 
tracks were fabricated from G500 galvanized steel sheets with a nominal base metal thickness of 
1.15 mm, a yield strength of 569 MPa and an elastic modulus of 213520 MPa at ambient 
temperature. In each fire test an axial compression load of 15 kN (for a load ratio of about 0.2) or 30 
kN (for a load ratio of about 0.4) was applied to each stud (ie. 0.2 or 0.4 times the ultimate capacity 
of each stud at room temperature obtained from [10]). The load was held constant at room 
temperature before the furnace was started and then maintained throughout the fire test. During the 
fire test, the furnace temperature was regulated to follow the standard time-temperature curve [13]. 
The test was stopped immediately after one or more of the wall studs failed, and the time to failure 
was recorded.  
2 FINITE ELEMENT MODELS AND VALIDATION 
A finite element model of LSF wall studs was developed with appropriate thermal and structural 
boundary conditions to simulate the behaviour of LSF wall studs under standard fire conditions and 
to determine the FRR [11].  Finite element analyses (FEA) were conducted under steady state 
conditions. Here, the non-uniform temperature distributions in the steel stud cross-section were 
raised to the target levels at any given time during the standard fire and then maintained. A load was 
then applied in increments until the failure of stud. S4R shell element type with a 4 mm x 4 mm 
mesh size was selected based on detailed convergence studies. The measured mechanical properties 
of steel were used to enable the comparison of FEA and test results of LSF wall studs. Poisson’s 
ratio of steel was assumed as 0.3. The yield strength and elastic modulus reduction factors at 
elevated temperatures and the stress-strain curves were based on the predictive equations developed 
in [14]. Based on other numerical studies and the experimental behaviour of LSF wall studs [10,11], 
one of the two central studs that had the vertical plasterboard joint against it was considered in the 
analyses. In the numerical study pinned support conditions were simulated for studs using rigid 
plates while an axial compressive load was applied at the section centroid at one end. It was 
assumed that the plasterboards screw-fixed to both flanges provided sufficient lateral restraint until 
the failure of studs [7-9]. The measured temperature profiles obtained from the fire tests were used 
for validation purposes as was done by other researchers [7,9]. The first eigen mode from the 
bifurcation buckling analysis (local web buckling) was used to introduce the initial geometric 
imperfection with an amplitude of 0.006b. The residual stresses were not considered in the 
modelling of studs under fire conditions [7-9]. The results from finite strip analyses (CUFSM) and 
tests [10] were used to validate the results of finite element analyses [11]. The comparisons showed 
that the developed finite element model accurately predicts the failure time and failure modes of 
LSF wall studs subjected to axial compression under standard fire conditions. Further details on the 
development and validation of the finite element model can be found in [11]. 
Under fire conditions, many steady state analyses conducted in close time intervals led to a load 
ratio (ultimate load of stud in fire conditions / ambient temperature capacity) versus failure time 
curve for the LSF wall systems. Fig. 1(a) shows this curve for the case of LSF wall with glass fibre 
external insulation. As shown in the figure, the failure time for the test with a load ratio of 0.2 was 
obtained as 117 minutes.  The main advantage of FEA with steady state conditions is that figures 
such as Fig. 1(a) can now be used to obtain the fire resistance rating (failure time) for any given 
load ratio.  
3 FIRE PERFORMANCE OF LSF WALL PANELS 
The validated finite element model was used in a detailed parametric study into the fire 
performance of LSF wall panels using a 90x40x15 stud section. The idealised time-temperature 
profiles were developed in [12] for eight configurations using the measured hot and cold flange 
temperature distributions along the wall stud under standard fire conditions [10]. These temperature 
profiles were used here with nominal mechanical properties. Table 1 lists the five different cases 
with varying screw spacing, plasterboard restraint, steel grade and thickness considered in this 
study. The strain hardening material model was used for steels with gradual yielding type stress-
strain curve except for G250 steels at 100 oC and 200 oC for which an elastic-perfect plastic 
material model was used [14] as they had a well-defined yield point. Case 1 results were used with 
those of Cases 2 to 4 to investigate the effect of screw spacing, plasterboard fall off and steel 
grades, respectively. Similarly, Cases 4 and 5 results were used to study the effect of varying steel 
thickness. Based on the parametric study, it was found that the failure temperature of LSF walls did 
not depend on the type of insulation [12]. The effect of using different types of insulation is simply 
to delay the time to reach the same hot flange temperatures in the wall stud. It is recommended that 
glass fibre insulation is not used in LSF wall panels subjected to lower load ratios. 
Table 1. Parameters Considered in the Finite Element Analyses of LSF walls 
Parameters FEA Validation 
FEA – Parametric Study 
Case 1 Case 2 Case 3 Case 4 Case 5 
Yield Stress (MPa) 569  500  500  500  250  250  
Elastic Modulus (MPa) 213520  200000 200000 200000 200000 200000 
Thickness (mm) 1.15  1.15  1.15 1.15 1.15 1.95 
Screw Spacing (mm) 300 300 600 and 1200 300 300 300 
Plasterboard Restraint Both Flanges 
Both 
Flanges Both Flanges 
Cold Flange 
Only 
Both 
Flanges 
Both 
Flanges 
Time-Temperature 
Profiles Measured Idealised Idealised Idealised Idealised Idealised 
 
3.1 Influence of screw spacing 
The influence of screw spacing on the fire performance of LSF walls was investigated for 1.15 mm 
G500 steel studs using three different screw spacings (300 mm, 600 mm and 1200 mm). The 
ultimate load did not reduce much when the screw spacing was increased from 300 mm to 600 mm. 
However, it reduced considerably when the screw spacing was increased to 1200 mm. Fig. 1(a) 
shows that there is not much difference in the failure time when a different screw spacing is used. 
However, these FEA values were obtained by assuming that the plasterboard integrity was 
maintained at elevated temperatures. Hence the lateral restraint provided by the plasterboard was 
considered to be always effective. However, practically it is not possible to maintain the integrity of 
plasterboards when larger screw spacings are used. The plasterboards are likely to fall off 
prematurely when a screw spacing of 1200 mm is used. Therefore the failure time will also be 
considerably reduced for 1200 mm screw spacing unlike what is predicted by FEA. 
 
 
Fig. 1. FEA results for 1.15 mm G500 steel studs a) with different screw spacings; b) with different plasterboard 
restraints at 300 mm screw spacing 
 
3.2 Validity of plasterboard restraint to hot flanges under fire conditions 
The screw-fixed plasterboards provide lateral restraint to the LSF wall studs. However, with 
increasing temperatures during fire events they calcinate and lose their strength. Many cracks will 
be developed in these calcinated plasterboards and eventually the fire side plasterboards are likely 
to fall off. Therefore the lateral restraint may not be available on the hot flange of the studs during 
the later stages of a fire event. This leads to a sudden reduction to their axial compression capacities 
and thus a collapse of the LSF wall. The stud temperature at which the fire side plasterboards fall 
off was found to vary in the previous studies [2,3,7]. Gerlich et al. [2] stated that the fire exposed 
side plasterboard will reduce its ability to prevent buckling of the studs when steel temperatures 
reach critical levels (>300-400 oC). It is believed that these temperatures are the average stud 
temperatures. Gerlich et al. [2] also recommended a 3 mm thickness of undamaged gypsum to be 
a) b) 
oC 
oC 
oC 
Cold Flange restrained; Hot Flange restrained until 600 oC 
Cold Flange restrained; Hot Flange restrained until 550 oC 
Cold Flange restrained; Hot Flange restrained until 500 oC 
Both Flanges restrained 
retained to provide lateral restraint. However, it is not practical to measure this thickness in a full 
scale fire test. Sultan [3] reported that plasterboard fall-off occurs when the unexposed face of the 
board reaches about 600 oC. This temperature must be the hot flange temperature of the stud. Kaitila 
[7] investigated the torsional-flexural buckling mode when the temperature during the fire test was 
above the level of calcination of the plasterboards. He recommended a value of 550 oC as an 
approximate limit. Klippstein [1] assumed that the failure by weak axis flexural buckling or 
torsional buckling is prevented by the gypsum boards on the internal and external faces of the wall. 
In the current experimental study [10] the lateral or torsional buckling failure modes were not 
observed in most of the tests. This may suggest that the plasterboards did not fully calcinate to lose 
its ability in providing lateral restraint to the hot flanges until failure. This is quite possible for the 
composite panel where two plasterboards are used with insulation sandwiched between them. The 
hot flange temperature of the stud reached more than 600 oC at failure for the load ratio of 0.2. 
Hence conservatively a hot flange temperature value of 600 oC is recommended here as the limit 
beyond which the plasterboard restraint is considered to be not effective. 
Local buckling was observed as the ultimate failure mode in FEA when both flanges are restrained 
by plasterboards [10]. When it was assumed that the fire side plasterboards have fallen off and that 
the lateral restraint to the hot flange is not effective, as expected the flexural-torsional buckling 
failure mode was observed. Fig. 1(b) shows the FEA results of LSF wall studs with varying 
plasterboard restraint conditions. The load ratio was calculated in the usual way when the stud was 
restrained along both flanges. However, a different method was used when only the cold flange was 
restrained. Here the load ratio was equal to the case where both flanges were restrained until the hot 
flange temperature was 600 oC. When this temperature was more than 600 oC, the load ratio was 
calculated by finding the ratio between the ultimate load at elevated temperature when only the cold 
flange was restrained and the load at ambient temperature when both flanges were restrained. 
Therefore the calculated load ratios show a sudden drop when the temperature increases beyond 600 
oC, representing the plasterboard fall off. Fig. 1(b) shows the variation of load ratio with time when 
different hot flange temperature limits (500 oC, 550 oC and 600 oC) were assumed. At higher load 
ratios, the load ratio versus time curves remained the same irrespective of the temperature limits. 
However, the load ratio curves start to deviate when the load ratio is about 0.2.  
Table 2. FEA failure times of LSF wall panels with different plasterboard restraints 
index load  ratio 
failure time (min.) 
both flanges  
restrained 
cold flange restrained; hot flange restrained until 
600 oC 550 oC 500 oC 
1 x 1 
0.7 20 20 20 20 
0.4 42 42 42 42 
0.2 54 54 48 48 
2 x 2 
0.7 61 61 61 61 
0.4 106 106 106 102 
0.2 117 116 116 111 
CI-GF 
0.7 62 62 62 62 
0.4 87 87 87 83 
0.2 99 97 97 91 
CP-GF 
0.7 76 76 76 76 
0.4 109 109 109 104 
0.2 117 116 116 111 
 
Table 2 shows the failure times of few LSF walls when different hot flange temperature limits were 
used. The failure time did not vary much when the load ratio was larger than 0.4. When the load 
ratio was about 0.2, the failure time did not change much if a hot flange temperature limit of 600 oC 
was used. A slight variation in failure time was observed when the hot flange temperature limit was 
used as 500 oC. However, this variation is small compared to the complexity involved in the fire 
design of LSF walls and the variables within LSF wall panel construction. Similar behaviour was 
observed for other wall configurations. Therefore it is concluded that the plasterboard restraint can 
be assumed to be effective throughout the failure time in routine fire design calculations [15,16]. 
This is particularly valid for LSF walls with double plasterboard linings. 
3.3 Influence of steel grade 
This section investigates the effect of studs made of a high grade of G500 and a low grade of G250. 
As expected the ultimate load was reduced considerably when the low grade steel was used. Fig. 
2(a) shows the variation of load ratios with time for these steel grades when glass fibre was used as 
external insulation. The G500 load ratio curve was expected to be above the G250 load ratio curve. 
However, a rapid reduction was observed in the G500 load ratio curve with increasing stud 
temperatures. The temperature difference across the stud increased rapidly and hence thermal 
bowing was developed. The bending moment generated by this thermal bowing was directly 
proportional to the applied load. Therefore the G500 steel stud experienced a larger bending 
moment and its capacity was reduced rapidly during this stage. This phase is longer for cavity 
insulated wall panels and on the other hand shorter for externally insulated wall panels. This is due 
to the ever rising temperature difference across the studs in the cavity insulated wall panels. 
In the next phase the axial compression capacity of the stud was reduced with time due to the 
effects of elevated temperatures. Therefore the above mentioned rapid reduction was not possible 
for G500 steel with a small load. Further the cold flange temperature was approaching the hot 
flange temperature and the temperature difference across the stud was reduced, especially for 
externally insulated wall panels. Hence G500 load ratio curve was above the G250 load ratio curve 
during this phase. In the final phase of all these figures, the G500 load ratio curve is below that of 
G250 steel. This is explained by the reduction factors recommended in [14]. Beyond about 540 oC 
the reduction factor for G500 steel is less than that for G250 steel. This corresponds well with the 
final phase of the two curves. 
 
 
Fig. 2. FEA results for a) 1.15 mm steel studs with different grades; b) G250 steel studs with different thicknesses 
3.4 Influence of steel thickness 
This section investigates the fire performance of LSF wall studs with varying steel thicknesses (1.15 
to 1.95 mm). The ultimate failure modes for 1.15 mm and 1.95 mm G250 steel studs are local 
buckling and flexural buckling about the major axis, respectively. Fig. 2(b) shows the variations of 
load ratio with time for 1.15 and 1.95 mm studs when the glass fibre was used as external 
insulation. As expected the axial compressive capacity of 1.95 mm studs was higher than that of 
1.15 mm studs. However, the load ratio is reduced rapidly with time for 1.95 mm studs compared to 
1.15 mm studs. This is explained by the bending moment developed by the higher load and thermal 
bowing deflection. The bending moment generated by the magnified thermal bowing is directly 
proportional to the applied load. Therefore 1.95 mm studs experienced a greater bending moment 
due to the higher load and hence the capacity was reduced rapidly during this stage. The variation of 
yield stress reduction factors did not influence the load ratio curves since the same steel grade 
(G250) was used in this case. Therefore the load ratio curve of 1.95 mm stud was always located 
below the load ratio curve of 1.15 mm stud.  
b) a) 
4 SUMMARY 
This paper has presented the details of an investigation into the fire performance of LSF wall panels 
based on an extensive finite element analysis based parametric study. The LSF wall panels with 
eight different plasterboard-insulation configurations were considered under standard fire 
conditions. The results of extensive fire performance data were analysed in the form of load ratio 
versus time curves and the effects of varying steel grades, steel thicknesses, screw spacing, 
plasterboard restraint, insulation materials and load ratio on the fire performance of LSF walls were 
investigated. It was found that the material yield stress reduction pattern at elevated temperatures 
had a major influence on the fire performance of LSF walls. The failure temperature of LSF walls 
did not depend on the type of insulation. The effect of using different types of insulation is simply 
to delay the time to reach the same hot flange temperatures in the wall stud. It is recommended that 
glass fibre insulation is not used in LSF wall panels subjected to lower load ratios. The plasterboard 
restraint can be assumed to be effective until failure in routine fire design calculations. 
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